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Abstract 

Introduction: The chemokine CXCL12, designated stromal cell-derived factor-1 
(SDF-1), plays a significant role in many cancer metastases. Previous studies 
have shown that CXCL12-G801A, a single nucleotide polymorphism (SNP) in the 
3' untranslated region, correlates with breast and lung cancer in Iran. The aim 
of this study was to evaluate the association of the gene variant CXCL12-G801A 
with colorectal cancer (CRC) in a Taiwanese cohort. 

Material and methods: In this study, we used a denaturing high performance 
liquid chromatography (DHPLC) method to analyze the frequencies of CXCL12- 
G801A polymorphic variants between CRC patients (n = 258) and healthy con- 
trols {n = 300) in Taiwan. 

Results: The SNP distribution was higher in CRC patients with TNM stage II (117/258) 
than healthy controls (52/300). We observed a significant increase in the G/A plus 
A/A genotype of the CXCL12-G801A polymorphism in CRC patients (45.35%) com- 
pared with healthy controls (17.33%). The analysis of allelic frequencies in both 
groups revealed that CRC patients have a higher frequency of A allele (23.45%) 
than healthy controls (8.67%). Furthermore, among older CRC patients, the fre- 
quency of the CXCL12-G801A genotype was significantly increased (p = 0.0148). 
Conclusions: Our observations suggest that the CXCL12-G801A genotype may 
be associated with some clinical manifestations in CRC patients in Taiwan. 

Keywords: chemokine CXCL12, single nucleotide polymorphism, colorectal cancer, 
genotype. 



Introduction 

Colorectal cancer (CRC) is proven to be the major cause of malignan- 
cy-related deaths worldwide, and is the most prevalent cancer in Taiwan. 
This high mortality is attributed to failure of its early diagnosis, especial- 
ly in TNM stage II (T2) [1]. However, many of the genetic factors influenc- 
ing its appearance still remain far from being fully characterized [2]. 
Chemokines have been proposed to contribute to tumor growth and 
metastatic spread of CRC [3]. Chemokines are a superfamily of small (8- 
11 kDa) proteins, which play a pivotal role in the regulation of leukocyte 
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trafficking and extravasation into sites of tissue 
inflammation [4]. There are currently four subgroups 
within the chemokine family: CXC, CC, CX3C, and C 
chemokine ligands (X represents any amino acid) 
depending on the positioning of the conserved cys- 
teines in the amino terminal part of these small 
inducible proteins [5]. One of the most extensively 
studied chemokines in migration is CXCL12 and its 
receptor, CXCR4. CXCL12, also named stromal cell- 
derived factor-1 (SDF-1), is primarily produced by 
stromal cells implicated in migration, proliferation, 
differentiation and survival of many cell types, 
including human and murine hematopoietic stem 
and progenitor cells [6]. CXCL12 is widely expressed 
in various organs, including heart, liver, brain, kid- 
ney, skeletal muscle and lymphoid [7]. The CXCL12/ 
CXCR4 pathway has been implicated in cancer 
metastasis of many different neoplasms [8]. Sev- 
eral studies have also demonstrated that CXCL12 
can promote CRC cell migration and result in tumor 
metastasis [9, 10]. 

Single nucleotide polymorphisms (SNPs) have 
become increasingly important tools for the study of 
the structure and history of the human genome. They 
are also useful polymorphic markers to investigate 
genetic susceptibility to disease or to pharmacologi- 
cal sensitivity [11, 12]. An SNP at position 801 (G to A) 
in the 3'-untranslated region (3'UTR) has been shown 
to possess the ability of up-regulating the expression 
of CXCL12 [13, 14]. This CXCL12-G801A polymorphism 
is associated with blast invasion in acute myeloge- 
nous leukemia [15]. Furthermore, CXCL12 is also 
a costimulator for CD4+ T-cells [16]. It has been sug- 
gested that a CXCL12-G801A gene variant is asso- 
ciated with delayed progression of both AIDS and 
early onset of type 1 diabetes [13, 17]. Several stud- 
ies further found that CXCL12-G801A was associat- 
ed with an increased likelihood of developing breast 
cancer, lung cancer and prostate cancer [18-20]. 

Despite advances in early detection modalities, 
CRC screening rates remain low. Therefore, the 
development of screening for the disease is rec- 
ommended in individuals who are at increased risk 
[21]. Citing this evidence, we evaluated the fre- 
quency of CXCL12-G801A genotypes and alleles in 
a Taiwanese cohort of CRC patients and healthy 
controls. Additionally, denaturing high performance 
liquid chromatography (DHPLC), which has been 
adopted in many laboratories for the screening of 
mutations and SNPs [22], was used to measure the 
gene polymorphisms. We investigated the hypoth- 



esis that CXCL12-G801A polymorphism may be an 
important indicator of CRC patients correlated with 
clinical characteristics. 

Material and methods 

Patients and controls 

A total of 258 pathologically confirmed CRC pa- 
tients and 300 healthy controls individuals enrol- 
led at Yongkang Veterans Hospital, Tainan, Taiwan 
were included in this study (Table I). Genomic 
DNA was obtained from the peripheral blood of 
healthy controls and CRC patients with low-risk 
stage T2. All patients were preoperatively staged by 
biological and radiological examinations. Disease 
stage was determined on the basis of the TNM clas- 
sification system [23]. Healthy controls consisted 
of random volunteers with no apparent abnormal 
findings upon medical examination at Yongkang 
Veterans Hospital. Peripheral blood samples were 
obtained from the patients and controls after writ- 
ten informed consent was obtained. This study has 
been cleared by Yongkang Veterans Hospital Insti- 
tution Ethics Review Board for human studies and 
that patients have signed informed consent. All 
patients and healthy controls were native Tai- 
wanese and resided in the Tainan prefecture or 
adjacent prefectures. 

Genotyping 

Polymorphisms were analyzed by polymerase 
chain reaction-denatured high performance liquid 
chromatography (PCR-DHPLC). The PCR primers of 
CXCL12 were 5'-TGA AGG CTT CTC TCT GTG GG-3' 
(forward) and 5'-AGC TTT GGT CCT GAG AGT CC-3' 
(reverse), respectively. Each PCR reaction was carried 
out in a total volume of 20 ul consisting of 0.3 ul 
of a 10 umol/l solution of each primer, 1.5 mmol/l 
MgCI 2 , 0.8 mmol/l deoxynucleotide triphosphate, 
0.5 unit RedTaq DNA polymerase (Sigma), 1 ul of 
genomic DNA (80 ng/ul), and 15.6 pil of H 2 0 using 
a T-Gradient Thermocycler (Biometra). Polymerase 
chain reaction products were digested with EcoRI 
and Bam HI (Promega) for CXCL12, respectively. The 
restricted products were analyzed in a 2% agarose 
gel containing ethidium bromide, to make sure 
that only the specific product was amplified and 
no additional band occurred (data not shown). 
The PCR products were further used for DHPLC 
analysis. 



Table I. Characteristics of CRC patients and healthy controls 



Variable 


No. of controls 


Age, mean + SD 


No. of CRC patients 


Age, mean + SD 


Male 


138 


59.2 +15.3 


137 


63.4 ±12.9 


Female 


162 


57.8 +16.2 


121 


60.8 ±17.6 


Total 


300 




258 
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Denatured high performance liquid chroma- 
tography analysis was performed on a Wave® 
DNA Fragment Analysis System (Transgenomic, San 
Jose, CA, USA). In the first DHPLC, under non-dena- 
turing conditions (50°C), 10 ul of crude PCR prod- 
ucts were automatically injected into a tempera- 
ture-equilibrated DNASep cartridge and eluted at 
a flow rate of 0.9 ml/min using a linear gradient of 
acetonitrile in 0.1 M triethylammonium acetate 
(TEAA), pH 7.0. Samples with G/G genotypes elut- 
ed as single peaks, whereas heterozygous G/A sam- 
ples eluted as double peaks. To distinguish between 
the G/G and G/A genotypes, 10 ul of crude PCR 
products of each sample with a single peak pattern 
in the first DHPLC was mixed with that of known 
genotype (G/G), denatured at 95°C for 2 min and 
then slowly re-annealed by decreasing the tem- 
perature down to 25°C at a rate of 0.2°C/s to form 
homo- and/or heteroduplexes and then applied to 
the DHPLC cartridge under denaturing conditions 
(63.9°C). The temperature required for successful 
resolution of heteroduplex molecules was deter- 
mined using the WaveMaker software (Transge- 
nomic Inc.). 

Sequencing 

The genotypes revealed by DHPLC analysis were 
further confirmed by DNA sequencing with an ABI 
PRISMR 3730 DNA Analyzer Sequencer using the 
ABI BigDye Terminator kit v3.1 (ABI, Foster City, CA, 
USA). 

Statistical analysis 

Differences in the frequencies of the CXCL12 
gene polymorphism between CRC patients and 
healthy control groups were analyzed using the % 2 
test. Statistical analysis was performed using the 
SAS 8.0 for Windows computer package. Results 
were considered significant at a level of p < 0.05. 

Results 

Characteristics of CRC patients and controls 

To determine the effect of specific CXCL12 poly- 
morphisms in CRC patients, we recruited 258 CRC 
patients (137 male and 121 female) in stage T2 and 
300 healthy controls (138 male and 162 female) for 
this research. As shown in Table I, the age range of 
diagnosis of CRC male patients was 51-76 years 
(63.4 ±12.9 years) (mean ± SD) and that of CRC fe- 
male patients was 43-78 years (60.8 ±17.6 years) 
(mean ± SD). None of the patients or healthy con- 
trols had smoking or drinking habits. 

CXCL12 polymorphism and CRC risk 

In order to examine the association of CXCL12 
gene variants with CRC, we used the PCR-DHPLC 



system to analyze the prevalence of CXCL12-G801A 
polymorphism in 258 CRC patients and 300 healthy 
controls. Figure 1 A illustrates the results of three 
differentiated samples with G/G genotype charac- 
terized by a single peak (or homoduplex). Figure 1 C 
illustrates the results of three differentiated samples 
with G/A genotype characterized by double peaks 
(or heteroduplex). Figures 1 B and 1 D show the con- 
firmation of G/G genotype and G/A polymorphism, 
respectively, by DNA sequencing. Table II shows the 
genotype distribution of CXCL12-G801A polymor- 
phism in CRC patients and healthy controls. A sig- 
nificant increase in the CXCL12 G/A genotype was 
observed in CRC patients compared with healthy 
controls (odds ratio (OR), 0.25; 95% confidence 
interval (CI), 0.17-0.37; p = 0.0001). The frequency of 
CXCL12 801 A allele also tended to increase in CRC 
patients (OR 0.31; 95% CI 0.22-0.44; p = 0.0001; 
Table III). 

Relationship of the CXCL12 polymorphism with 
clinical parameters in CRC patients 

The relationship of the CXCL12-G801A polymor- 
phism with clinicopathologic parameters, including 
gender and age at diagnosis in CRC patients, was 
evaluated. As shown in Table IV, there was no signi- 
ficant difference between male and female CRC pa- 
tients with CXCL12-G801A SNP (p = 0.0695). Table V 
shows that among older patients (50 years < age 
< 70 years and 70 years < age < 90 years), the fre- 
quency of the CXCL12-G801A genotype was signif- 
icantly increased (p = 0.0488 and p = 0.0315). The 
frequency of CXCL12-G801A genotype of older sub- 
jects was significantly higher in CRC patients {n = 22; 
68.8%) compared with healthy controls (n = 12; 
29.3%; p = 0.0315). 

Discussion 

Recent studies have indicated that CXCL12 plays 
an important role in metastatic cancers [8, 15]. 
CXCL12-G801A SNP studies have been done in sev- 
eral cancers, including lung, breast, colorectal, and 
prostate cancer [18-20, 24]. To date, CXCL12-G801A 
polymorphism in CRC is still the source of some 
controversy. Previous studies have found that there 
is no significant difference in genotype distribution 
and allelic frequencies between CRC patients and 
healthy controls in Sweden and Spain, using restric- 
tion fragment length polymorphism (RFLP) and flu- 
orescence resonance energy transfer (FRET) meth- 
ods to perform genetic analysis on CXCL12-G801A 
polymorphism [2, 24]. Recently, Chang et al. found 
that the frequency of CXCL12 GA/AA genotypes was 
significantly higher in patients with lymph node 
metastasis [25]. However, these results need fur- 
ther confirmation, since they do not pass multiple 
testing corrections, and this feature may also cor- 
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Figure! CXCL12-801 on DHPLC elution profile comparison with sequencing. A- CXCL12-801G/G DHPLC elution pro- 
file at 63.9°C. B-G/G phenotype revealed by DHPLC was further confirmed by DNA sequencing. C - CXCL12-801G/A 
DHPLC heteroduplexes profile and sequencing at 63.9°C. D - G/A phenotype revealed by DHPLC was further con- 
firmed by DNA sequencing 



relate with race, gender, and tumor stage. To our 
knowledge, this is the first report of DHPLC analy- 
sis of CXCL12 polymorphism in CRC. 

Denaturing polyacrylamide gel electrophoresis 
of radiolabeled PCR amplification is time-consum- 
ing, laborious, and radioactive. Incomplete enzyme 
digestion is a problem inherent to the PCR-RFLP 



technique for genotyping. TaqMan PCR is a cheap, 
rapid and sensitive method for the detection of 
SNPs. However, it requires specific equipment and 
the up front investment of TaqMan PCR instrument 
is a limiting factor in some areas of the world. In 
contrast, DHPLC analysis is a cost-effective, rapid, 
sensitive, and high-throughput technique for 
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Table II. Distribution of genotypes in percent of 
CXCL12 polymorphism in CRC patients and healthy 
controls 



Table III. Allelic frequencies in percent of CXCL12 poly- 
morphism in CRC patients and healthy controls 



Genotypes 


CRC patients 


Controls 


OR (95% CI) 


G/G 


141 (54.65%) 


248 (82.67%) 


1.00 (1.00) 


G/A 


113 (43.80%) 


52 (17.33%) 


0.25 (0.17-0.37) 


A/A 


4 (1.55%) 


0(0) 


0.06 (0.00-1.18) 



Allele 


CRC patients 


Controls 


OR (95% CI) 


G 


395 (76.55%) 


548 (91.33%) 


1.00 (1.00) 


A 


121 (23.45%) 


52 (8.67%) 


0.31 (0.22-0.44) 



Table IV. Gender difference of CXCL12 polymorphism in CRC patients and healthy controls 



Variable 




Male 






Female 




Value of p 




No. 




No. ofSNP 


No. 




No. ofSNP 




CRC patients 


137 




60 


121 




57 


0.0695 


Controls 


138 




33 


162 




19 


0.0797 


Value of p 






0.0611 






0.0203* 




Table V. Difference of distribution of CXCL12-801G/A polymorphism by age 


in CRC patients and healthy controls 


Variable 


30 < Age < 50 


50 < Age < 70 


70 < Age < 90 


Value of p 




No. 


No. ofSNP 


No. 


No. of SNP 


No. 


No. ofSNP 




CRC patients 


104 


32 


122 


63 


32 


22 


0.0148* 


Controls 


127 


17 


132 


23 


41 


12 


0.2353 


Value of p 




0.0774 




0.0488* 




0.0315* 





CXCL12 G/A genotyping. DHPLC has greater sensi- 
tivity at detecting mutations (> 95%), and requires 
minimal optimization of instrument settings for 
each SNP studied. This allows high throughput 
analysis of samples, and the findings are consistent 
and reproducible [26-28]. These properties should 
enable a broad screening of CXCL12-G801A poly- 
morphism in routine analysis. 

Invasive cancers that are confined within the wall 
of the colon (TNM stages I (Tl) and II (T2)) are often 
curable with surgery. Over 90% of patients diagnosed 
at this stage usually will survive the disease beyond 
5 years. However, if left untreated, the cancer can 
spread to regional lymph nodes (T3), and even spread 
widely around the body (T4). It is usually not curable; 
approximately 7% of patients diagnosed at this stage 
survive beyond 5 years [1]. Therefore, the develop- 
ment of an indicator for stage T2 CRC diagnosis is 
important for reducing the mortality caused by this 
disease. In this study, we analyzed CXCL12 genotypes 
in 258 stage T2 CRC patients and 300 healthy con- 
trols (Table I). A significant increase in the CXCL12 
G/A genotype was observed in CRC patients com- 
pared with healthy controls (Table II). The frequency 
of CXCL12 801 A allele also tended to increase in CRC 
patients (Table III). Therefore, it is believed that 
CXCL12-G801A may increase the risk of CRC. The 
results showed that the CXCL12-G801A polymor- 
phism may be an important tool for indicating and 
detecting stage T2 CRC. 

Furthermore, we explored whether there were 
any associated age or gender differences in CRC 



patients and healthy controls. As shown in Table IV, 
the CXCL12-G801A SNP shows no significant dif- 
ference between male and female subjects, 
whether in CRC patients (p = 0.0695) or in healthy 
controls (p = 0.0797). However, there is a signifi- 
cant difference (p = 0.0203) in CXCL12-G801A of 
females among CRC patients compared with that 
among healthy controls. This result is similar to the 
research performed by Hidalgo-Pascual etal. which 
indicated a significant difference in female subjects 
(p = 0.02) [2]. Further, we analyzed the distribution 
of age in CRC patients with CXCL12-G801A poly- 
morphism. Table V shows that among older CRC 
patients (50 years < age < 70 years and 70 years 
< age < 90 years), the frequency of the CXCL12-G801A 
genotype was significantly increased (p = 0.0488 
and p = 0.0315). Our preliminary evidence sup- 
ported this literature and confirmed that in CRC, 
the primary risk factor is age, with over 90% of cas- 
es diagnosed in people over age 50 [29]. 

The function of CXCL12-3'UTR-G801A in the tran- 
script and protein expression of CXCL12 is impor- 
tant. Therefore, the influence of CXCL12 genotype 
CXCL12-G801A on CRC progression may be consid- 
ered as an important indicator. Colorectal cancer 
has been seen as a disease with a polygenic back- 
ground, where oncogenes and tumor suppressor 
genes and signaling pathways participate [30, 31]. 
In addition, CXCL12 and its receptor, CXCR4, 
crosstalk has been found to be crucial for tumor 
metastasis in colorectal and breast cancer models 
by inducing chemotactic and invasive responses 
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[32, 33]. Previous studies have noted a trend show- 
ing higher CXCR4 expression with higher stages of 
CRC [3, 34, 35]. However, the detailed mechanism 
for the involvement of CXCL12/CXCR4 in CRC 
remains to be elucidated. 

In conclusion, this is the first report using the 
DHPLC method to show a significant association 
between healthy controls and stage 12 CRC patients 
with CXCL12-G801A polymorphism in Taiwan. Fur- 
ther studies with larger samples of patients are nec- 
essary to determine whether the CXCL12 polymor- 
phism affects the carcinogenesis of CRC, and if the 
plasma level of CXCL12 could reflect the disease sta- 
tus. The results presented in this study indicated that 
the CXCL12-G801A polymorphism may be developed 
as an early diagnostic marker for CRC in the future. 
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